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@ Improvements in and relating to power assisted air-purifying respirators. 



@ The device comprises an expandable chamber (13) 
having an outlet (23) for connection to a facepiece, for 
example a face mask (26) and an inlet (12) connected to 
pump means (2, 3, 4, 5) for drawing ambient air into the 
device through a filter (8) and pumping it into the chamber. 
In use the wearer of the face mask draws air from the 
chamber and that air is replenished by operation of the pump 
means. 

Means (19) are provided for sensing the degree of 
expansion of the expandable chamber and are coupled with 
means (22) for varying the power supplied to the pump 
means so that the pump means supplies only sufficient 
filtered air to maintain the chamber inflated. A bias is 
provided on the chamber advantageously coupled with the 
sensing means for maintaining a positive pressure in the 
chamber. 

The device allows close control of the amount of air 
passing through the respirator so as to substantially reduce 
the amount of air which is filtered but unbreathed to extend 
the life of the filter means. 
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Improvements in and relating to 
Power Assisted Air-Purifying 
Respirators 



The present invention relates to improvements in 
power assisted air-purifying respirators. 

The use of power assisted respirators in atmospheres 
contaminated by dust and other particulate hazards is 
5 well known • Usually such respirators comprise a pump 
unit including a battery-powered motor driving a fan 
which sucks contaminated air through a filter system and 
delivers it to a facepiece which may be a full-face mask 
or included in a helmet or hood. The advangates of 

10 power assisted respirators over non-powered respirators 

in which a filter cartridge is mounted directly on a full- 
face mask, are the ease of breathing and, in most cases, 
the increased protection afforded to the wearer since air 
is supplied to the facepiece at a slight positive press- 

15 ure. Additionally filters of high efficiency having a 
correspondingly higher resistance to flow can be used, 
which would otherwise inpose a physiologically unaccept- 
able strain on the lungs of the wearer. 

Normally the air flow provided by the pump unit is 

20 reasonably constant but is greatly in excess of the 
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inspiratory requirements of the wearer. U.K. and Euro- 
pean standards require a minimum flow of 120 litres per 
minute for four hours in order to sustain a degree of 
positive pressure within the faeepiece even at peak inhal- 
ation rate, for example as set out in British standard 
4558 j 1970 Positive Pressure Powered Dust Respirators, 
Section 5, paragraph 5-1- In the U.S. the relevant 
standard 30CFR part II published by the National Instit- 
ute of Occupational Safety and Health (NIOSH) requires a 
minimum flow of 113 litres per minute for tight fitting 
full-face masks and a 170 litres per minute for helmets 
and hoods. 

It will be seen that this constant flow roughly 
equates to the instantaneous peak inspiratory rate of a 
man working moderately hard having a minute volume of 
40 litres per minute (20 respirations per minute each 
having a 2 litre tidal volume). Assuming a sinusoidal 
breathing pattern, it can be shown that peak rate is 
equal to If x (minute volume). For a man working harder 
than 40 litres per minute there would be inspiratory peaks 
of negative pressure within the faeepiece but these would 
be transitory and such exertion cannot be maintained for a 
four hour 3 much less an eight hour, period. 

In conventional power assisted air-purifying resp- 
irators it follows that for a greater part of the wearing 
period, the volume of ambient air being filtered and 
delivered to the wearer is many times the actual require- 
ment for breathing purposes and the major part of the air 
goes to waste through the exhale valve, filtered but un- 
breathed. This leads to a much more rapid usage of the 
filter than is the case with unpowered respirators, and is 
also wasteful of motor and battery power. Nonetheless it 
is tolerated in the case of dust and other particulate 
hazards because of the advantages outlined above and 
because it is possible to design a particulate filter 
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system of not unreasonable size and cost to cope with the 
increased particulate burden of constant flow. 

The situation where such respirators are used against 
gases and vapours is very different. Gas and vapour con- 
taminants are usually eliminated by filters advantageously 
mounted in canisters , and which are attached to a full- 
face mask either directly or by a short length of flex- 
ible corrugated hose so that the wearer draws only suff- 
icient air through the canisters as he requires for brea- 
thing. Usually the canisters contain granulated activ- 
ated charcoal, silica gel, molecular sieve material or 
similar material through which the contaminated ambient 
air is drawn by lung power,, the contaminants being adsorbed 
on the surface of the sorbant and retained there. By 
'doping 1 of the adsorbent material the canister can be 
given a degree of specificity against particular contam- 
inants. Combination canisters for filtering both partic- 
ulate and gas/vapour contaminants are also available. 
The duration of these canisters is necessarily limited by 
the volume of the adsorbent in the canister, and this is 
particularly true of those canisters intended to be screwed 
directly into a face mask, and is significantly less than 
particulate material filters. Although these gas/vapour 
canister filters form a readily available and desirable 
source of filters for attachment to power assisted res- 
pirators, their useful lifetime is very significantly re- 
duced because of the high proportion of the filtered air 
which is wasted, This proportion may be as high as 80%. 

According to the present invention there is provided 
an air-purifying device for attachment to a facepiece of 
the positive pressure type for providing purified air to 
the wearer of the facepiece, the air-purifying device com- 
prising pump means for pumping air having inlet means and 
outlet means, means for removing contaminants in the air 
and connected to the pump inlet means, an expandable 
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chamber having an inlet in communication with the pump 
outlet means and an outlet for connection to the facepiece, 
sensing means for sensing the degree of expansion of the 
expandable chamber, and means for varying the power supp- 
lied to the pump means in dependence on the state of 
expansion of the expandable chamber. 

The pump means may comprise a motor driving a fan 
having an inlet connected to one or more air inlets with 
each. of which means for removing contaminants in the air 
is connected. The removing means may comprise a canister 
removably mounted on the or each inlet and filled with a 
material appropriate to adsorb or otherwise filter out the 
or each contaminant concerned, for example gas and/or 
vapour and/or dust. 

The expandable chamber may comprise a bag which is 
generally cylindrical with a convoluted cylindrical wall 
and may be biased towards its collapsed copndition for 
maintaining a positive pressure in the chamber. The means 
for sensing the degree of inflation of the expandable 
chamber may comprise an arm which bears against a wall of 
the chamber which wall moves in dependence on the state of 
expansion of the chamber and the arm may be connected to 
means which is included in the power supply circuit to the 
motor for varying the voltage supply to the motor or which 
may include switch means for disconnecting the motor from 
and connecting the motor to its power supply. 

Where the voltage is varied, the chamber may be 
arranged to be maintained substantially fully inflated, 
the motor is disconnected from its power supply when the 
chamber is substantially fully inflated and reconnected 
when the chamber reaches a predetermined state of partial 
deflation. 

The present invention also relates to a respirator 
comprising a faccpiece connected to an air-purifying 
device as set out above. 
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The facepiece may comprise a partial or full-face 
mask for covering at least the nose and mouth of the 
wearer or may be included in a helmet or hood cover- 
ing the head of the wearer. 

An embodiment of the invention will now be 
described, by way of example only, with reference to 
the accompanying drawings. 

In the drawings : 

Figure 1 is a perspective view of an embodi- 
ment of respirator including an embodiment of an air- 
purifying device according to the present invention, 
in use; 

j 

Figure 2 is a perspective view of the air- 
purifying device shown in Figure 1; 

Figure 3 is a diagrammatic sectional view cf 
the respirator of Figure 1 including the air-purifying 
device of Figure 2; and ■ 

Figure 4 is a diagrammatic view of a 
modification of the respirator of Figure 3. 

The air-purifying device shown in Figures 1 
to 3 of the drawings comprises a conventional pump unit 
1 comprising a battery 2 which is connected by an on/ 
off switch 3 to drive a motor k which in turn drives a 
fan unit 5 the inlet 6 of which is connected to two 
screw threaded air inlets 7 into each of which are 
screwed two filters, as shown in the form of canisters 
8 both of which make gas tight seals at the inlet 
connections 7* The outlet 9 of the fan communicates 
with an outlet 10 of the unit at the top of the unit 
which is provided with a check or one-way valve 11 
and is connected to the inlet 12 of an expandable 
breathing chamber which, as shown, has the form of a 
collapsible bag 13 . The bag 13 is generally cylindrical 
with a circular section and has a convoluted periphery Ik 
so that it can expand and collapse in concertina fashion. 
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One end wall 15 of the bag 13 is mounted on a support 
36 also supporting unit 1 and the other end wall 17 
is reinforced with a metal or plastics plate 18 
against which an arm 19 bears. Arm 19 is pivotted 
5 at its lower end 20 and biased by a coil spring 21 
so that the arm bears against and exerts a force 
on the bag in a direction to collapse it so as to 
maintain a constant pressure on air in the bag. 

A rotary potentiometer 22 is associated with 
10 the arm pivot to be actuated by pivotal movement of 
the arm. The potentiometer 22 is connected in the 
power supply circuit for the motor which includes 
the battery and the of f /on switch, to vary the voltage 
supplied to the motor so that movement of the arm 
results in a change in the voltage of the power supplied 
to the motor to speed up or slow down the motor and 
therefore the fan. The potentiometer is arranged so 
that, as the bag 13 is inflated by the fan, the voltage 
is decreased and therefore the motor and fan slow down, 
as the bag is deflated by the wearer drawing on the 
contents ,\he voltage is increased and the motor and 
fan speed up. To prevent over-inflation of the bag, the 
point of maximum inflation is determined by a mechanical 
stop (not shown) on the arm and an electrical cut-out is 
provided operated by a micro-switch (not shown) to cut 
off the power supply to the motor when the bag is at its 
point of maximum inflation. As soon as inflation of the 
bag drops below its maximum, the microswitch will close 
to reconnect the motor to the battery. 
5 0 The bag 13 has alternative outlets 23 and 2k for 

" coupling to a breathing hose (not shown in Figure 2) 
which may be a long hose 25 connected to outlet 23 as 
shown in Figures 1 and 3 if the unit is vrom on the back 
of the wearer (as shown) or a shorter hose connected to 
35 outlet 2k if the unit is to be chest mounted. 
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As shown the hose is connected to a full-face 
mask 26 with an inner mask 27 and which are provided 
with conventional inhalation and exhalation valves 28, 
29 t the exhalation valve having a relatively low 
^ resistance of approximately 128 pascals, as convention- 
ally used in facepieces designed for use with positive 
pressure breathing. 

In use, air is maintained in the face mask at 
a positive pressure equal to or less than the resistance 
10 °f the exhale valve 29 by the pressure of arm 19 on 

the bag 13, the bias provided by spring 21 being adjusted 
accordingly. The pump is powerful enough to inflate 
the bag 13 against the bias of the arm 19 but not so 
powerful as to overcome the resistance of the exhale 
15 valve 29 in the face mask. Thus when the wearer is 

resting or breathing lightly, the pump will inflate the 
bag to its fully inflated position and will then be 
switched off by operation of the micro-switch. As 
soon as the inflation of the bag drops below its fully 
20 inflated condition, the micro-switch will be closed 

and the inflation of the bag will be controlled via the 
potentiometer 22. 

Blow-back through the pump and filters is 
prevented by the check valve 11. Additionally it is 
25 important to so arrange the working pressures of the 
exhale valve 29 in the face mask and the pressure 
generated in the bag by the biased arm 19 that the 
device does not go on to constant flow, but the 
pressure within the face mask always remains positive. 
30 To reduce over-run, the motor and fan inertias are 
reduced to a minimum. 

In the unlikely event of pump failure, the 
wearer can breath through the canisters although with 
high inflation resistance. Additionally complete 
35 collapse of the bag 13 is prevented by internal supports 
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(not shown) so that the wearer can breath through the 
canisters and complete collapse of the bag is 
prevented from sealing the system. 

Preferably the canisters 8 are known gas and/or 
5 vapour and/or particulate material filter canisters/ 
cartridges of the type normally screwed directly- to a 
face mask although they may be of any other suitable 
type . 

It will be appreciated that while the invention 
10 has particular application in relation to gas and 

vapour filtering, it is equally applicable to particulate 
material filtering because in either system an increase 
in the effective usage of the filter. is beneficial. 

While as shown in Figures 1 and 3, the air- 
purifying device of Figure 2" is connected to a face mask 
covering only the nose and mouth of the wearer, it will 
be appreciated that the device can equally be used with 
a suitably valved and sealed positive pressure type 
helmet or hood which includes a facepiece and covers the 
entire head of the wearer. 

Additionally, while as described the state of 
expansion of the bag is sensed and used to vary the 
voltage supplied to the pump unit, the potentiometer 22 
may, as diagrammatically shown in Figure 4, be replaced 
by switch means 30 which is operated by the arm 19 to 
connect the motor k to the battery 2 when the bag has 
reached a predetermined state of partial deflation and 
• to disconnect the motor k from the battery when the bag 
is substantially fully inflated. Provision of switch 
3 0 30 then avoids the need for a micro-switch to prevent 
over-inflation of the bag. 

By appropriate design of the expandable bag 13 
and its controls for the fan motor, it may be provided 
as an 'add-on' unit for existing positive pressure 
35 power assisted respirators, the bag simply being 
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connected between the existing fan outlet and the hose 
connection to the facepiece, to enable existing 
respirators to be used for gas and/or vapour filtering 
e c onomi c al ly . 

In a further modification, the arm 19 may he 
omitted and the bag biassed to its collapsed condition 
by e.g. a helical spring, which may be arranged within 
the bag between the end walls 15 , 17, or externally of 
the bag bearing against the end wall 15 and a mounting 
member extending parallel to member 16. The switch 30 
is then arranged to be contacted by the end wall 15 or 
a member moving therewith when the bag is full inflated 
to disconnect the motor from the battery, and to re- 
connect the motor to the battery as soon as the state 
of inflation of the bag drops below full inflatation. 
The contact of switch 30 thus serves to sense the 
degree of expansion or in-flat ion of the bag and the 
switch serves to control the power supplied to the pump 
means in dependence on the state of expansion of the bag. 
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CLAIMS 



1. An air-purifying device for attachment to a face- 

piece of the positive pressure type for providing purified 
air to the wearer of the faccpiece, the air-purifying de- 
vice comprising pump means (l) for pumping air having in- 
let means (6) and outlet means (9) for connection to a 
faccpiece, and means (8) for removing contaminants in the 
air and connected to the pump inlet means, characterised 
in that an expandable chamber (13) is provided, the cham- 
ber having an inlet (12) in communication with the pump 

outlet means and an outlet (23 or 24) for connection to 

* 

the faccpiece, sensing means (19) being provided for sen- 
sing the degree of expansion of the expandable chamber (13) > 
and means (22 or 30) being provided for varying the power 
Supplied to the pump means (l) in dependence on the state 
of expansion of the expandable chamber (13)- 

2, A device as claimed in Claim 1, characterised in 
that the expandable chamber (13) comprises a bag which is 
generally cylindrical with a convoluted cylindrical wall 

(14). 

3. A device as claimed in either Claim 1 or Claim 2, 
characterised by means (1.9, 21) for biasing the expandable 
chamber (13) towards a collapsed condition for maintaining 
a positive pressure in the chamber. 
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A • A device as claimed in any one of the preceding 

.claims, characterised in that the sensing means (19) 
comprises a pivotally mounted arm (19) which bears against * 
a wall (17) of the expandable chamber (13), which wall 
(17) in use moves in dependence on the state of expansion 
of the expandable chamber. 

5. A device as claimed in Claim 4 3 characterised in 
that the arm (19) is connected to means (22 or 30) for 
varying the power supplied to the pump means in dependence 
on the angular position of, the arm (19)* 

6. A device as claimed in any one of the preceding 
claims, characterised in that the means for varying the 
power supplied comprise switch means (30). 

7* A device as claimed in Claim 6 3 characterised in 

that the switch means (30) is arranged to be opened when 
the expandable chamber (13) is substantially fully inflated 
for disconnecting the pump means (1) from the power supply 
therefor and closed when the expandable chamber is part- 
ially deflated for connecting the pump means (1) to the 
power supply. 

8. A device as claimed in any one of Claims 1 to 5, 

characterised in that the means for varying the power 
supplied comprises means (22) for varying the voltage of 
the power supplied to the pump means. 
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9. A device as claimed in Claim 8, characterised in 
that the means for varying the voltage comprise a rotary 
potentiometer (22) mechanically coupled to the arm (19) 
for angular movement therewith, 

10. A device as claimed in either Claim 8 or Claim 9 3 
characterised in that switch means are provided operable 
by the arm (19) for disconnecting the pump means from the 
power supply when the expandable chamber is fully infl- 
ated. 

11. A device as claimed in any one of Claims 3 to 10, 
Characterised in that the biasing means comprise a spring 
(21) acting on the arm (19)- 

12. A respirator of the positive pressure type charac- 
terised in that it includes an air-purifying device as 
claimed in any one of the preceding claims. 
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Fig. 2. 
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Fig. J. Fig. 4. 
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